Eemian lake deposits in Grande
INTRODUCTION
We propose a tentative correlation of the last-interglacial lake deposits in Grande Pile (GP) and Ribains, Massif Central, France, with deep-sea stratigraphy. The boundaries of marine isotope stage (MIS) 5e and 5d (Imbrie et al., 1984; Martinson et al., 1987) and the cold-water event C24 were identified in cores SU-8132 (Turon, 1984) and MD952042 (Sánchez Goñi et al., 1999) from pollen, dinocysts, oxygen isotopes in foraminifera, and magnetic susceptibility of ice-rafted detritus (Thouveny et al., 2000) . Event C24 occurred toward the end of MIS 5d and its age was estimated to be 107,000 yr B.P. (McManus et al., 1994) . The cores, located off Portugal, contain pollen characteristic of Eemian succession.
Fluctuations of cold-water foraminifera Neogloboquadrina pachyderma sinistra in mid-Atlantic core V29-191 compare closely with the proportion of nonarboreal pollen (NAP) at GP (Kukla et al., 1997; Kukla, 2000) . The demise of the closed forest interval, labeled Lure in GP (Seret, 1990) , at the base of Melisey I correlates with C24. We place the onset of the Eemian forests between 127,000 and 126,000 yr B.P., in agreement with Shackleton et al. (this issue) .
Relatively regular laminations were detected in the interglacial section of GP in freeze-dried segments treated with light-colored resin. About 20,000 ± 2000 couplets were estimated from random samples taken across the Lure diatomitic gyttja (Fig. 1) . It remains unclear whether the couplets are annual, although the fissures opened by the freeze drying probably followed the more clayey winter layers. The number of couplets matches the 20,000-plus years estimated from the 14 drift-ice cycles detected between C24 and Heinrich event 11 in the V29-191 core (Bond et al., 2001) .
The Ribains sequence is a 9-m-thick, relatively pure and lithologically uniform diatomite, formed during MIS 5. It contains a rich pollen assemblage, in sequence very similar to GP. The lower 4 m were formed in the so-called Ribains interglacial (de Beaulieu and Reille, 1992b) . The site, at 1200 m altitude, is higher but farther south than GP. The relative thickness of the principal pollen zones at both places is similar, suggesting that with an assumed near-uniform sedimentation rate the pollen zones are approximately coeval. This holds for Corylus as well as for the characteristic double spike of Taxus (Fig. 2) . Carpinus spread later at GP than at Ribains (de Beaulieu and Reille, 1992b) .
The end of the interglacial forest is marked by a thin, lightcolored, silty unit with dominant steppic pollen called St Nicolas at Ribains (Reille et al., 2000) and Melisey I in GP (Woillard, 1978) . The lacustrine deposit across the boundary in GP is continuous and finely laminated. The silt appears to be wind blown (Seret et al., 1990) . A sharp shift in forest composition at Ribains and Grande Pile (Woillard, 1979) occurred about 3000 yr before the end of the interglacial interval about 110,000 yr ago. Deciduous elements at both sites disappeared and were replaced by conifers. A sharp drop in lake-water temperature was detected in the Ribains section from the isotopic composition of diatoms that appeared shortly before the forest change (Rioual et al., 2000) .
Lac du Bouchet, with a rich interglacial pollen record, is about 5 km from the Ribains site (Reille and de Beaulieu 1988; Reille et al., 2000; Stockhausen and Thouveny, 1999) . The climate changed simultaneously at both locations. Interglacial sediments at Lac du Bouchet are clays and clayey gyttjas intercalated with silty clays. The silty clays have an increased proportion of NAP and high magnetic susceptibility, caused by detritus from surrounding volcanic slopes. An interlayer with a particularly high susceptibility was interpreted earlier as a mid-Eemian desiccation event (Thouveny et al., 1994) . Stockhausen and Thouveny (1999) compared the susceptibility values at Lac du Bouchet with the considerably lower ones at Ribains. The number of major oscillations is the same. We interpret higher susceptibility as an indication of more open vegetation around the lakes. A revised timescale was computed assuming that the sedimentation rate is inversely proportional to susceptibility (Fig. 3) . Gaps in the cores due to the drilling technique affect both sites. The age estimate for Ribains is probably more accurate because of the more homogeneous lithology.
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FIG. 3.
Comparison of Ribains and Lac du Bouchet magnetic susceptibility (10 −6 SI) (Stockhausen and Thouveny, 1999: G. Kukla, unpublished data) . Plotted with the assumption that the sedimentation rate is inversely proportional to susceptibility.
Pollen from GP and Ribains and from deep-sea core SU-8132 are compared in Fig. 2 . According to our tentative timing, the optimum development of the closed forest in France was reached about 122,000 yr B.P. After about 115,000 yr B.P., the proportion of NAP increased. This change was expressed more prominently at Ribains than at GP where the proportion of conifers increased instead.
Thus, closed interglacial forests were present in France for about 20,000 yr, from at least 126,000 to 107,000 yr B.P. during MIS 5e and 5d. They lasted into early glacial time. An abrupt cooling affected both sites ca. 110,000 yr ago. Between ca. 118,000 and 110,000 yr B.P., the increased proportion of Illex, Hedera, and Buxus at GP indicates relatively warm winters, possibly caused by a southward deflection of warm North Atlantic currents to the coast of France. There is no sign of an abrupt winter cooling within the Carpinus zone as, for instance, proposed by Field et al. (1994) in northern Germany.
